A field experiment was carried out during the spring seasons of 2008-09 and 2009-10 at Varanasi, Uttar Pradesh to find out exact time of earthing up with level of earthing up and optimum doses of nitrogen for getting higher productivity, monetary returns, and changes in the fertility status of soils after harvest of ratoon sugarcane (Saccharum officinarum L.). Twentieth fifth April earthed crop produced significantly more height of tillers, leaf area index at maximum tillering stage, grand growth stage and at harvest, dry matter/tiller at maximum tillering stage at grand growth stage and at harvest, cane length, cane diameter of top, middle and bottom, weight of cane, cane yield, monetary returns, B/C ratio, N, P and K uptake except number of tillers/ha, number of millable cane/ha and net available soil nutrient after the harvest of ratoon crops as compared to 25 th May and 25 th June respectively. Twentieth cm height of earthing up from the ridge also significantly increased all the above parameters such as height of tillers, LAI of maximum tillering stage, grand growth stage and harvest, dry matter/tiller at maximum tillering stage, grand growth stage and at harvest, cane length, weight of cane and cane yield than that of 10 cm earthed crop in both the ratoon crops. Application of 210 kg N/ha linearly and significantly increased number of tillers/ha at 60 and 120 days after ratooning, height of tillers at 120 days after ratooning, LAI at maximum tillering stage, grand growth stage, and at harvest, dry matter/tiller at maximum tillering stage, grand growth stage and at harvest, number of millable cane, cane length, cane weight, cane yield, monetary returns, B/C ratio and N, P, K uptake followed by 180 kg N/ha. Ratoon crop showed that there was a build up of nitrogen and phosphorous but depletion in potassium content of the soil. 210 kg N/ha with earlier earthed at 25 th April to a level of 20 cm was found optimum for obtaining higher yields and monetary returns.
Production Potential and Soil Fertility Status of Ratoon Sugarcane
(Saccharum officinarum L.) as Influenced by Time and Level of Earthing Up and Nitrogen Levels in North-Eastern Uttar Pradesh, India
Introduction
Sugarcane (Saccharum officinarum) is an important agricultural commercial cash crop and also unique in the sense that a number of succeeding cane crops are raised from a single planting which is an integral component of sugarcane production system. In India more than 50 to 55% of sugarcane acreage is occupied by ratoons, which are often poorer yielders than the plant cane due to non adoption of improved agricultural technologies. Thus, even a small improvement in ratoon crop would add considerably to overall sugarcane production and productivity in the country. It will as well benefit cane growers by vacating the fields earlier for sowing of wheat and other rabi crops timely, as well as mill owner's by providing mature cane earlier in the crushing period. In this way, ratoon crop often gives better yield, quality and sugar recovery than plant cane.
Abundant tillering in ratoon crop is a desired inheritance character but all tillers are not productive with proper amount of juice. In order to reduce the number of excessive tillers and converting them into millable canes, earthing up plays important role in maintaining the growth, yield, and juice quality of the sugarcane plant as well as for ratoon. Besides, it has added advantages in terms of pruning/cutting of old roots, moisture conservation, addition of organic matter, enhanced availability and uptake of plant nutrients, efficient utilization of solar radiation, suppression of weeds, and preventing canes from lodging (Yadav & Shukla, 2008) . Sugarcanes as well as ratoons are highly exhaustive crops having higher demand for nitrogenous fertilizer because of shallow root system, decaying of old roots, sprouting of stubble buds, and immobilization of nitrogen . It is, therefore, to use 20-25 per cent more nitrogenous fertilizer over 150 kg N/ha (recommended dose of nitrogen for ratoon crop). In general, nitrogen reduced the number of unwanted tillers and brought into constant number of millable canes/ha. The works on time and level of earthing up and nitrogen levels on sugarcane ratoon crop is very meager in Gangetic alluvial (sandy loam) soils of Eastern Uttar Pradesh. Hence, there is a lot of scope to exploit the potential of sugarcane ratoon crop grown under above conditions. Considering the above facts into consideration this experiment was designed to test the ratoon sugarcane with different time and level of earthing up along with different levels of nitrogen fertilizers for higher growth, yield, economics and changes in soil fertility status of Indo-Gangetic alluvial soils of Uttar Pradesh.
Materials and Methods
The th May and 25 th June with two levels (i.e., 10 cm height and 20 cm height) of earthing up were assigned in main plots and three nitrogen levels (viz. 150, 180 and 210 kg N/ha) were randomly assigned in sub plots in a split plot design and replicated thrice. The cane plantation was already installed with a row spacing of 90 cm in the experimental field. The crop was harvested and the plantation was irrigated with flooding system of irrigation. After one or two days of irrigation, in order to accommodate experimental design, stubbles of fifth rows were uprooted to make irrigation channels as well as boundary wall for the experimental plots. Similarly, stubbles from the rows of sugarcane plants were also uprooted after a measured length of a plot size so as to separate one plot to another. Thus, all the uprooted stubbles of canes were shifted to vacant places (gap filling) so as to get desired plant population to optimize the yields of ratoon sugarcane. Full dose of phosphorous (through Single Super Phosphate) at the rate of 80 kg P 2 O 5 /ha, potassium (muriate of potash) at the rate of 80 kg K 2 O/ha and one third of nitrogen as per treatment were applied at the time of ratooning. Rest two third of nitrogen in the form of urea was top dressed in two equal splits before earthing up in the month of April and May as per treatments.
Sugarcane ratoon crops were harvested after the completion of 12 month i.e., 15 th February or March. Various growth parameters viz. number of tillers/ha, height of tillers, LAI, dry matter accumulation and number of millable canes were recorded at standing crop. Similarly yield and yield attributes like cane length, cane diameter, cane weight and cane yield were noted after the harvest of ratoon crop. Economic analysis was done based on the prevailing market price of the inputs and produce i.e. fertilizer nitrogen at the rate of Rs 11.30/kg, phosphorous at the rate of Rs 21.25/kg, potassium at the rate of Rs 8.00/kg and cost of sugarcane at the rate of Rs 2932.50/t (Sugarcane Corporation of India) during 2009-10, its rate was Rs 293.25/quintal). The plant cane, green leaves and trashes were analysed to compute uptake of nutrients (N, P, and, K) by the plants. Soil samples (0-22.5 cm) were collected before start of ratooning and after harvest of ratoon crop used to determine pH by using glass Electrode pH meter (Jackson, 1973) , EC through Electrical conductivity Meter method (Jackson, 1973) , organic C by Wet chromic acid digestion method (Walkely & Black, 1934) , available N with the help of Alkaline Potassium Permanganate Method (Subbiah & Asija, 1956) , P by Olsen's method (Olsen et al., 1954) , and K through Flame Photometer (Ammonium acetate extract) (Jackson, 1973) .
Results and Discussion

Numbers of Tillers and Number of Millable Canes
Results obtained from the ratoon crops of sugarcane showed that earthing up at 25 th June being compared with 25 th May and 25 th April significantly enhanced the number of tillers but did not affect the number of millable canes/ha. The per cent increase in number of tillers/ha due to late earthing up was 17.37% at 60 DAR and 16.32% at 120 DAR. These might be due to the fact that earlier earthing up provides proper soil moistures, higher soil volumes for root proliferation and earlier reduction of excessive tillers which minimize the competition for nutrient and soil aeration and converting the existing numbers into millable canes by utilizing nutrients and soil moisture and by checking aeration in new emerging buds and late tillering. Earlier the earthed up, greater is its effect on deduction of excessive tillers and the same was found by Singh et al. 2008 . Increasing the nitrogen levels from 150 to 210 kg N/ha with June and May earthing also increased the number of tillers by avoiding the compactness of soil, proliferating the more tillers to grow ultimately resulted in higher number of millable canes but may not be productive. Shukla, 2005 also recorded highest number of tillers/ha with 200 Kg N/ha in spring season. It is cleared from the Table 1 that numbers of millable canes were not affected by the time and level of earthing up. However, 20 cm height of earthing significantly recorded lower number of tillers/ha whereas 210 kg N/ha exhibited highest number of tillers and millable cane/ha at 60 and 120 days after ratooning whereas observed that significant increase in the production of tillers and millable canes due to increasing nitrogen doses from 75% to 100% of recommendation. 
Growth Attributes of Ratoon Sugarcane
Earlier earthed crop recorded significantly higher plant height, leaf area index, dry matter/tiller Table (1) and increased plant height which was mainly due to availed conducive soil temperature and soil environment during the period of grand growth stage, the growth was sudden accelerated. Higher dry matter accumulation of the crop was a result of higher LAI increased due levels of nitrogen fertilizer as Ali et al. 2002 reported that significantly higher dry matter accumulation was also obtained at higher fertilizer levels than lower levels and control. Twentieth cm height of earthing up recorded comparatively higher dry matter and LAI as compared to 10 cm height of earthing. Height of tillers at 120 DAR, increased LAI up to grand growth stage and slightly lowered at harvest, dry matter/tiller at harvest as compared to the lower levels of nitrogen doses (180 kg N/ha) and least at 150 kg N/ha (control). These parameters were increased by 22.00%, 15.81%, 19.35%, 10.52, 19.17%, 20.12%, 16.01%, and 20.81% in pooled data ratoon crops of both years respectively. These findings are similar with those of .
Cane Length, Diameter and Cane Weight and Cane Yield
The data (Table 1 and 2) indicated that the April earthed crop recorded significantly higher cane length, cane diameter of top, middle and bottom, cane weight, and cane yield as compared to the late earthed crop in both first and second ratoon which might be due to earlier earthed crop experienced comparatively longer time period for reducing excessive tillers, soil volume for well growth of roots and shoots, availability of soil moisture, nutrients and less competition between the plants fetched higher cane length, cane diameter, cane weight, and cane yield. Delaying the earthing up produced significant reduction in the values of yield attributes resulting in lower yields of cane whereas Qadir et al. 1998 found that the yield progressively decreased as earthing up was delayed. Level of earthing up also significantly recorded higher cane length, cane diameter of bottom, middle and top, weight of cane as well as cane yield because heavy earthed up crop to a height of 20 cm produced higher soil volume availed the proper growth environment for the crops providing constant soil moisture, aeration and high anchorage for sugarcane to prevent from lodging which ultimately increased the cane yield for which deep earthing up found most effective than the shallow or light earthing up. Similar findings were reported by Dougall and Halpin (2008) . Application of nitrogen at 210 kg/ha increased the cane length by 9.30%, weight of cane by 19.41%, and cane yield by 23.56% as compared to 150 kg N/ha. The table showed that there was a constant increase in all the yield attributes with each increment of nitrogen levels during both the years of investigation. Increased values (Table 1 and 2) were due to significant translocation and storage of photosynthates from source to sink resulted significant improvement in almost all the yield attributing characters with the corresponding increase in nitrogen use efficiencies with increased nitrogen levels. Similar findings were reported by Choudhary and Ullah (2001) . 
Nutrient Uptake by Sugarcane Plant
Earthing up on 25 th April (Table 3) recorded significantly higher N, P and K uptake with 24.22, 18.44 and 18.29 per cent respectively was highly comparable with that of 25 th May and 25 th June. Higher the yield (158.8 t/ha), more would be the uptake of nutrients which was due to proper growth and development by providing more soil volume for root proliferation as results were reported by Singh et al. 2008 . Level of earthing up with 20 cm height also recorded comparatively higher N, P, and K uptake 7.40%, 11.24%, and 7.39% respectively in ratoon crops. Highest N, P, and K uptake (Table 3) was obtained under 210 kg N/ha (19.00), (18.82) and (19.61) per cent respectively followed by 180 kg N/ha (15.71), (13.21) and (15.66) and over control (150 kg N/ha) because higher N rates also increases the uptake of P and K resulted in higher cane yield. These results are in conformity with the findings of Ashraf et al. (2008) . Different treatments have brought about significant changes in status of 2013 available soil N, P, and K. Maximum available N, P, and K were recorded when crop was earthed in June followed by May. Due to different level of earthing up, available N and P status of the soil varied and was significantly higher with 10 cm height of earthing up from the ridge which was 4.17, 1.05 and 12.00% more than that of 20 cm height of earthing up from the ridge. 210 kg N/ha significantly influenced on build up of N over the initial status of the soil from 184.0 to 212.89 kg/ha with an increase in 49.34% (210 kg N/ha) followed by 31.36% (150 kg N/ha) as compared to 180 kg N/ha. There was higher build up of P in the soil was recorded by 29.46% under 150 kg N/ha followed by 12.12% P build up was observed with 180 kg N/ha possibly because of comparatively higher uptake of P by the crop at higher level of N resulted in lower P build up as compared to lower doses of N duly reported by Shukla (2005) . Since sugarcane is highly responsive towards K fertilizers for higher yields due to which there was no build up of K in the soil instead of depletion of K over the initial values because of higher K uptake by the crop favoured by increased doses of N as compared to the amount of K applied to the soil for plant growth and development. Similar beneficial effects of levels of nitrogen for higher K uptake were reported by several workers in sugarcane (Shukla, 2005) . (Table 2 ) due to earlier earthed crops lead to higher yields of cane. However, net returns and B: C ratios of 25 th May and 25 th June earthed crops did not vary much as the variations in the yields obtained under late earthed crops of May and June were not much. Higher net return and B: C ratios were also fetched with 20 cm height of earthed up crops as compared to late earthed crops because of higher cane yields and stover yields. The response of nitrogen rates helped in increasing the net monetary returns and continued to increased it by (31.76, 47.52%) and B: C ratio (19.11%) and 22.96%) up to the highest N dose tested in the study (210 kg/ha). The B: C ratio also increased significantly up to 210 kg N/ha. Higher economic returns (Rs 326393/ha) with B: C (3.60) ratio was obtained at higher N doses because higher nitrogen levels increased the number of millable canes, fresh weights, dry matter contents, cane yields and stover yields. These results are in conformity with the findings of Singh et al. (2007) . The study also demonstrated that the profitability of net monetary returns (Rs 265707/ha) was fetched from 20 cm height of earthed up as compared to 10 cm earthed up crop during both the ratoon crops of sugarcane. Across the time of earthing up (25 th April), level of earthing up (20 cm height of earthing up) and nitrogen levels (210 kg N/ha) produced higher net monetary returns with B: C ratios in both the ratoon crops.
By and large sugarcane crop in tropics and sub-tropics is ratooned at least once and more number of ratoon crops could be taken under well managed package and practices with advanced technology. This practice has enabled www.ccsenet.org/sar Sustainable Agriculture Research Vol. 2, No. 1; 2013 the farmers and mill owners to plant once and harvesting thrice to make sugarcane cultivation more profitable. Considering the importance of ratoon crops in sugarcane cultivation it was concluded that both first and second ratoon crops raised from a single plant cane proved beneficial for farmers when earlier earthing at 25 th April was done with 20 cm height along with 210 kg N /ha for better yield and ratoonability of sugarcane. As it is highly responsive towards K fertilization, so its doses should be increased in order to maintain the K fertility in the soil instead of depriving it from the soil to sustain the crop production.
